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Abstract

Traditionally, the semiconductor factory prepared thin films by physical vapor
deposition (PVD) or chemical vapor “deposition (CVD). But those methods have
involved several problems, such as the uniformity of the thin films and the preparation
cost. The next technology which called atomic layer deposition (ALD) has the
advantages of large area and stepped coverage fraction, good thickness and uniformity,
low temperature process and controllable film thickness under atom grade. ALD can
also meet the necessary of ultra thin high k material film preparation, but the cost is
also too high.

We provide sol-gel method in this paper, and use ZrCly powder as precursor to
prepare ZrO; thin films. Sol-gel method has the advantages as below: all precursors
are dissolved in solvent completely and formed molecular grade materials, so can
prepare the good uniformity thin films; besides, the low temperature process can
avoid the loss of volatile elements and the diffusion phenomenon caused by high

temperature process.
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In this paper, ZrCly powder is dissolved in DI water and then formed ZrO,
compounds. Subsequently, film is spun coated on the silicon substrate. We designed
four experiments including: O, plasma treatment on the thin film, the spin rate of spin
coating, O, plasma treatment on silicon substrate, and different thin film
concentrations. The surface morphology of the ZrO, film is investigated by using scan
electron microscope (SEM) and atomic force microscope (AFM) to find out the flat
and smooth thin films. We also prepared the metal-insulator-metal (MIM) capacitor
according to the best thin film parameters. [-V and C-V measurements of the films are
realized by MIM capacitors. From the experimental results and formula as ¢ = ggog,
we calculate the dielectric value (k) of different thin films. This paper indicates that
the O, plasma reaction is effective process for the complete oxidation of the sol-gel

precursor at relatively low processing temperature.

Keywords : High k material, Sol-Gel method; ZrO,, O, plasma, MIM capacitor.
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MaterialDielectric

constant(K)

Band gap AEc(eV) Crystal structures(s)

Eg(eV)
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Amorphous
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Band gap(eV)

Barrier height to Si(eV)

1.4

Dielectric constant

~25

Heat of formation(Kcal/mol)

261.9

Thermal expansion coefficient (K™)

7.01X10°

Lattice parameter(A)

~5.1

Self diffusion coefficient@900°C

6.0009x10"°

Index of refraction

1.8~2.2

Density(g/cm’)

5.2~5.9

Melting Point(‘C)

2677

Hardness(GPa)

12.9

Specific heat(J/Kg'K)

600~700

Ionic conductivity(S/cm)

0.08~1.00

Phase transformation: monoclinic to tetragonal (K)

1400

Phase transformation: tetragonal to cubic(K)

Lo4:ZF g (23 24)
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Sol-gel processing
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He kb
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STAGES OF THE BATCH SPINNING PROCESS
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Pl 8 38 ¢
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N
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L (SEM)

Y %S (TEM B STEM)

W A4 2z hr i 3 e % ([35)

ik & Sk

SEI
(Secondary Electron Image)

E-T %R

BEI
(Backscattered Electron Image)

Solid state B3 B ¥y

EDS
(Energy Dispersive Spectrum)

X-ray 5L Si-Lior Ge o Tk

WDS
(Wavelength Dispersive Spectrum)

X-ray #E. G E E B ER e RO
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(Electron Backscattering
Diffraction Pattern)
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LTI T Screen and
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Pk e 4 [36]

31



2-2-2 ~ SEM A #5

AR BT R ST T M SEMR B SR 5 SR

2
[e=2
o

LA 5 A 4 R

e SEM P 7 A 52 2L 5-Med T3H -~ TEIAE K&
FEEL LMERN T UREIFETINESL AL L 0§ 2 Wi
LT A FRES I IR o fTAS 2 S SRR

EE T e

e A7 ST e B et — el ft o &

ME AR - R Ptis B SEMPZ B AR FRETE W
SR TS R R

32
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